Maintenance of DeltapH by a butanol-tolerant mutant of Clostridium beijerinckii.
The isolation of Clostridium beijerinckii mutants that are more tolerant of butanol than the wild-type offered the opportunity to investigate whether the membrane activities which are required for maintaining the transmembrane DeltapH (the difference in pH between the cellular interior and exterior) are sensitive targets of butanol toxicity. The DeltapH was measured by the accumulation of [14C]benzoate using late-exponential-phase cells which were suspended in citrate/phosphate buffer at pH 5 (to maximize the DeltapH component of the protonmotive force) and supplemented with glucose and Mg2+. The DeltapH of the butanol-tolerant tolerant mutant, strain BR54, of C. beijerinckii NCIMB 8052 was found to be significantly more tolerant of added butanol than the wild-type. Thus, in potassium citrate/phosphate buffer the mutant cells maintained a DeltapH of 1.4 when butanol was added to a concentration of 1.5 % (w/v), while the wild-type DeltapH was reduced to 0.1. The DeltapH of both strains was completely dissipated with 1.75 % butanol, an effect attributed to a chaotropic effect on the membrane phospholipids. Similar results were obtained in sodium citrate/phosphate buffer. In the absence of added Mg2+, the DeltapH of the mutant decreased in both sodium and potassium citrate/phosphate buffer, but more rapidly in the former. Interestingly, the addition of butanol at low concentrations (0.8 %) prevented this DeltapH dissipation, but only in cells suspended in sodium citrate/phosphate buffer, and not in potassium citrate/phosphate buffer. In wild-type cells the decrease in DeltapH occurred more slowly than in the mutant, and sparing of the DeltapH by 0.8 % butanol was less pronounced. The authors interpret these data to mean that the DeltapH is dissipated in the absence of Mg2+ by a Na+- or K+-linked process, possibly by a Na+/H+ or a K+/H+ antiporter, and that the former is inhibited by butanol. Apparently, butanol can selectively affect a membrane-associated function at concentrations lower than required for the complete dissipation of transmembrane ion gradients. Additionally, since the butanol-tolerant mutant BR54 is deficient in the ability to detoxify methylglyoxal (MG) and contains higher levels of MG than the wild-type, the higher Na+/H+ antiporter activity of the mutant may be due to the greater degree of protein glycation by MG in the mutant cells. The mechanism of butanol tolerance may be an indirect result of the elevated glycation of cell proteins in the mutant strain. Analysis of membrane protein fractions revealed that mutant cells contained significantly lower levels of unmodified arginine residues than those of the wild-type cells, and that unmodified arginine residues of the wild-type were decreased by exposure of the growing cells to added MG.